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Flight tests have been made -todetermine the longitudinal stabili~
and control and stalling cbacteristics of m F-47D-30 airplane. The
results of these tests show the airplane to be unstible with stick free
in any power-on condition even at the most forward center-of-gravi@
position tested: At the rearward center-of-gravityposition tested the
airplane also had neutral to negative stick-fixed stabili~ with power
on. The characteristics in accelerated flight were acceptdle at the
forward center-of-gravityposition at low and high altitudes except at
high speed where the control-forcevariations with acceleration were
high. At the rearwsrd center-of-gravityposition, elevator-force rever-
sals were experienced in turns at low speeds, and the elevator-force
variations with acceleration were low at all the other speeds tested.
Ample stall warning was afforded in all the conditions tested and the
stalling characteristicswere satisfactory except in the approach and
wave-off conditions. &

Introduction

This paper presents an investigation of the flying qualities of the
F-47D-30 airplane. Many flying-qualities investigationshave been con-
ducted by the National Advisory Comittee for Aeronautics with vario~
types of airplanes and this paper is intended to supplement this infor-
mation. By correction of these da~a with pilot opinions of these ati-
phes, it has been possible to establish quantitative re@rements for
satisfactory flying qualities such as those presented in reference 1.

%.qersedes therecently declassified NACARMS~A06 for the Air
Materiel Command, ArIW Air Forces, “Flight Measurements of Flying Qml-
ities of a P-47D-30 Airplane (AAF No. 43-34-41)to Determine Longitudinal’

r-?
Stability and Control and Stalling Characteristics”by Christopher C.
I&aft, Jr., R. Fabian Goranson, and John P. Reeder, 1948.
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2 NACA TN 2899

Additional information is continuaJJybeing obtained, however, to deter-
mine whether the existing requirements are adeqyate or whether they should
be madified in order to provide for conditions encountered with airplanes
of later design. 5is paper includes the results of the tests of the
longitudinal stability and control @ stalling characteristics of the
F-47D-30 airplane. The results of the investigation of the M.teral and
directional stability and control characteristics of this airpb.ne have
been presented in reference 2. .

AIRPLAm, INsm~oN, AND ‘mm

.

The F-47D-30 is a low-wing fighter-me airplane. This model incor-
porates cm R-2800-59 engine, a dorsal fin, dive-recovery flaps, round-
nose ailerons, and a bubble canopy. A three-view drawing of the airplane
is shown in figure 1 and additional data describing the airplane we pre-
sented in table 1. Photographs of the test airplane are shown in fig-
ure 2. The airplane was flown at two center-of-gravitypositions. The
forward center-of-

r
avity position of approximate~ 26.4 percent mesn

aerodynamic chord I-an- gear down) with the gross weight varying from
12,810 pounds at take-off to n,870 pounds was obtained by attaching
200 pounds of lead to the prope~er-reduction-gear box and flying the
airplsae with the fuselage auxiliary tank empty. Photographs of this
ballast installationare shown in figure 3. The lead balMst was more
than sufficient to balance the moment rearward of the center of gravity
brought about by the installation of instruments in the baggage compart-
ment. The,instrument installation caused a resxward center-of-gravity
shift of approxhately 0.2 percent mesm aerodynamic chord and the lead
ballast caused a forward center-of-gravi~ shift of approximately 1 per-
cent. The airplane manual gives the service center-of-gravi~ range for
this airplane as between 24.75 and 31.0 percent mean aerodynamic chord
with landing gear down. The forward center-of-gravityposition of
24.75 percent of the mean aerodynamic chord could not be obtained on the
test airplane with any normal loading. The rearwszd center-of-gravi@
position at which the airpbme was flown was approximately 29.1 percent
of the mean aerodynamic chord with gross weight rangh.g from 13,200 poumds
to 12,400 pounds. This center-of-gratityposition was obtained by using
the same configuration as above and flying the airplane with the fuselage
auxiliary tank filled. Raising the landing gear caused the center of
gravity to shift forward 0.4 percent of the Ean aerodynamic chord.

The friction and travel of the elevator, aileron, and rudder control
systems are shown in figures 4 to 7. The amount of friction in all the
control systems except that of the rudder was small and well within the
requirements of reference 3. A more complete description of the charac-
teristics of the rudder control system is presented in reference 2. “

.— . ....—— _—. . ..— _—._ —— . .. _.— ——



NACA TN 2899 3

Tests were carried out at low altitude in the conditions shown in
the follcndng table:

-- canopyCcmdLtion Power setting Flaps
gear

Approach 21 in. Hg at 2,550 rpm Down Down open

Glide off m VP Closed

Down Down Open

Power-on clean 42.5 in. ~ at 2,550 rpm .@ Q Closed

Wave-off 42.5 in. Hg at 2,550 rpm Down Down Open

Dive l!’in. Hg at 2,550 rpm Up w Closed

Tests were also carried out at high altitude in the power-on clean,
glide, and dive conditions. The data were obtained by both the steady
and continuous record methods. In the steady method, the pilot either
dived or climbed the airplane to a given speed and, when the airplane
reached a steady condition, a record was taken of the required values.
In the continuous.method, the airplane was flown through the speed range
with gradually changing speed and the reqylred values were recorded
throughout the entire period. The data obtained by the conti.nuow method
are indica~d by flagged symbob. Standard NACA photographic recording
instruments were used to obtain the data. A description of this instru-
mentation is given in reference 2. .

DISCUSSION AND RESULTS

LONGITUDINAL STABILITY AND CONTROL ~STICS

The short-period oscild-ationof normal acceleration and elevator
angle was investigated in the power-on clean, glide, and landing con-
ditions by abruptly defletting and releasing the elevator at various
speeds throughout the speed range. 11’yTicsltime histories of these
attempted oscillations are shown in figure 8. There was no oscilJ_ation
of the elevator, but the airplane diverged longitudhdly, somttis
violently, at low speeds in the power-on clean condition. (See fig. 8(a).)
This unstable condition is in all probabili~ due to the static longi-
tudinal i.mtabili~ of the airplsae.

,,
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.

static Longilmaiml stability

The static longitudinal stabil.i~ was measured throughout the speed
range for the configurations shown in the preceding table at two center-
of-grati~ positions of appro+te~ 26 d 29 percent of the mean
aerodynamic chord. The variations of elevator force sad elevator angle
with speed are presented in figures 9 to 14 and show the static longi-
tudinal stability characteristics. The elevator t@ angle 5e+m% was

abo measured and is given

The evalmdion of the
shown in figures M to 20.

and elevator force divided

Uau
for most of”the tests made.

stick-free and stick-fixed neutral points is
The variations of the elevator angle 5e

by dynamic pressure Fe/q @th a~l-ane
normal-force coefficient ~ are plotted and the stick-fixed and stick-

free neutial points sre determined from the slopes of these curves. For
a given normal-force coefficient the neutral pofits we at,the center-

dbe
of-gravi~ positions at which the slopes — .!?@%@

dCN
are zero.

dCM
The neutral points as deterdned by the ~ove procedure for each flight
condition are shown in figure 21.

The following discussion of the static longitudinal stability char-
acteristics is based on the reqdmments of reference 3.

Power-on clean condition (fiR. 9).- The curves of elevator angle
and elevator force as a function of speed show characteristicswhich do
not meet the requirements of reference 3. The data show the airplane to
be unstable with stick free at both center-of-gravitypositions and to
have neutral to negative stibiliw with stick fixed. The sane conditions
existed at low and high altitude.

Dive conitition(fig. 10).- The airplane failed to meet the require-
ments in this condition. The data show the airplane to be umtable with
stick free at speeds above approximately 260 qh and neutral to unstable
stick fixed above approximately 300 qh. The same conditions existed at
low and high altitude.

Glide condition (fig. n). - The airplane was stable with stick fixed
and stick free at both center-of-gravi~ positions except at high speeds
at the rearwsxd center-of-gravityposition where the airplane became
slightly unstable with stick free. At high altitude the airplane was
neutralJy stable with stick free at the rearward center-of-gravityposi-
tion. The airpkane did not meet the requirements in this condition.

Approach condition (fig. 12).- The curve of elevator force against
speed had a stable slope at the forward center-of-gravityposition but

I

9
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NACA TN 2899 5’

the slope became unstable above approx~tely 125 mph at the resrwsrd

center-of-grati~ position. The stick-fixed stabili~ was neutral at
the resrwsxd center-of-gravityposition at speeds above approxhnately
130 mph. The reqdrement of reference 3 was not satisfied. It should
be noted that the flaps on the F-41T&30 sre of the blow-up type; that
is, the flap deflection vsxies with decreasing airspeed until a speed
is reached where the flaps remain fulJ_down. The variation of flap .
deflection tith atispeed is shown in figure 12.

IandinR condition (fig. 13).- The requirement was satisfied as the
airplaqe was stable both with stick fixed and with stick free throughout
the permissible speed range at both the center-of-gravitypositions
tested.

Wave-off condition (fig. 14)---The airplane was unstable with stick
fixed and with stick free in this condition and the requirement of refer-
ence 3 was not satisfied.

Neutmzl points (figs. 15 to 21).- The data shown in figures 15 to 20
illustrate the mthod used in obtatig the neutral points shown in fig-
ure 21. Since only two center-of-gratitypositions were tested, the ‘
actual numerical values of the neutral points may not be entirely accu-
rate, but they do give a general picture of the stick-fixed and stick-
free s bility.

Y

In the power-on clean condition, the stability parameter

‘tFe/~ jJ3 always negative (see figs. 19 and 20); this fact indicates
dCN

that the center-of-gravi~ position required to m4ke the airplane stable
could not be obtained tith any normal loading of the airplane. These
data also indicate that it wouldbe useless to test the airplane at a
more resrward center-of-gravityposition since it is slready lnmwn that
the airplane will be unstable. The same condition existed in the wave-
off condition. b the approach condition a more accurate determination
of the neutrsl point was possible since data were obtained with the
center of gravity both forward and rearwsrd of the neutral point. In
the glide and landing conditions the airplane was stable throughout the
speed range except at low normal-force coefficients in the glide condi-
tion where the stick-free neutral points were slightly forward of the
resrmost center-of-gravityposition tested. The neutial points would
have been better defined had a more r,esniardcenter-of-gavity position
been tested in these two conditions but the significance of these data
did not wsrrant the tests.

It can be seen from the above discussion that the application of
power had a definite destabilizing effect on both the stick-fixed and
stick-free stabili@. The adverse effect of rearward center-of-gravity
position is markedly shown and it shouldbe noted that center-of-gravity
positions resrwsrd of the resrmqst test center-of-~avity position may
be obtained with norml loadings of the airplsne. -

●
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6 NACA TN 2899

Longitudinal Control
(

Lmgitudiml control in accelerated flip$t.- The ‘longitudinalsta-
bility characteristics in accelerated flight were investigatedby making
steady turns at constant speed and acceleration at both high and low
altitude and at the two center-of-gravi@ positions. The changes in
elevator control force and elevator angle with change in acceleration at
the different speeds tested are shown in figures 22 to 24. In figure 25
the variations of elevator singlewith tirmal-force coefficient in the
aforementioned turns are plotted. The stick-free and stick-fixed maneuver
points were evalmted by plotting the sloye of the curve of elevator @e
plotted against normal-force coefficient d5e/d~ (fig. 26) and the stick

force per g (fig. 27) as a function of center-of-gravi~ position. The
maneuver points are the center-of-gratity positions at which these slopes
are zero.

At the forward center-of-gratityposition of 26 percent of the mean
aerodynamic chord and low altitude, the elevator-control-force increment
per unit acceleration in left,turns was 7.5 pounds pei g at 200 qh and
11.O pounds per g at 350 mph. (See fig. v(a). ) This value was approxi-
mately 1 or 2 pounds per g higher in right turns. The requirement given
in reference 3 is 3 to 8 pounds per g. ~ effect of altitude WM to .

decrease the force per g at the lower speeds. (See fig. 27(b).) How-
ever, at 350 qh or a Mach nunber M of approximately 0.6, the force
per g reached a value of 14.2 pounds per g in right turns. This fact
indicates that SOE form of breduhwn of flow was taking place. The
plot of force per g against ~ch nunibershown in figure 28 shows -that
the force per g increases with increase in Mach nunber to a maximum at
a wch ntier of about 0.6. 13eyonda Mach nuiber of 0.6, the force
per g decreases until the maximum test Mach number of 0.7 is reached.

At the rearwsxd center-of-grati~ position tested, 29 percent of
the mean aerodynamic chord, the stick-force gradient varied from 2
to 7 pounds per g (fig. 23(a)). At 200 mph, elevator-force reversal
occurred in both left and right turns. At high altitude, push forces
were reqdred with increasing acceleration at 200 mph in both left and
right turns and in left turns at 250 mph. (See fig. 23(b).) At the
higher speeds at high altitude, the curves of force against acceleration
show that pull forces were required but that these forces were danger-
ously low.

In figure 29 the data at 200 qh are plotted as a graph showing the
center-of-gravi~ range and altitude at which desirable stick “forces,
according to the req.drements of reference 3, can be obtained. The
center-of-gravi@ range for desirable stick forces shown in figure 29 is
only approxhate because the stick-force variation with acceleration at
200 qh was nonlinear. The tests at 200 mph were used because this con-
dition was the most critical one tested and indicated the smallest center-
of-gravi~ range for destrable stick forces.

.

,,
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From the above discussion, it can be seen that the airplane did not
completely satis~ the requirements of reference 3. The values of force
per g at the forward center-of-gravityposition were in general within
the required limits of 3 to 8 pounds per g. The airplane did not meet

‘ the requirements at the resrwsrd center-of-gravityposition because of
the force reversal experienced at low speeds, especially at I&h alti-
tude.

The most forward stick-fixed maneuv~ point was found to be 29.7 per-
cent mean aerodynamic chord at 300 mph at high altitude, and the most
forward stick-free maneuver point, at 27.4 percent mean aerodynamic chord
at 200 mph at high altitude. The data obtained show the airplsme, in
general, to have higher stick force per g in right turns. Part of this
difference was probably due to the gyroscopic mment of the propeller,
but the results are not consistent and the ~oscopic nmment does not
account for the entire difference.

Ialgitudinal control in landinR.- The elevator deflection used in
landing is shown as a function of speed in figure 30. These data show
the elevator deflection to+be adeqyate at all the speeds tested and at
both center-of-gravitypositions. The elevator angles shown were not
necessarily the minimum elevator angles required to land. The elevator
force required during lsading did not exceed the 35-pound Mmit of the
requirements of reference 3. (See time histories of stall approaches in
the approach and landing conditions in figs. 36(b) and 37(b).) The ~
pilot thought that the characteristicsof the airplane in landing with
power off were unsatisfactorybecause of the very high rate of descent,
approximately 50 fps. (This value was obtained from the pilot’s
readings of the instruments in the cockpit.) The application of a small
amount of power corrected this undesirable characteristicbut brought
about the static instability previously discussed relative to the power-on
approach condition. This instability was also considered undesir~leby
the pilot. After the airplane reached the ground, the pilot considered
the airplane to be easy to control.

Tests were nmde to determine the change in trim causedby the
lowering of the landing flaps. The tests were made with tie controls
held fixed and repeated with the controls used to correct the ensuing
motion. l?ypica lthehistories are shown in figure 31. The results
sho~d that the two flaps did not lower at the same rate, the left
leading the right, so that a slight rolling tendency resulted and had to
be corrected by use of small deflections of the ailerons and rudder.

Longitudiml control in take-off.- With the center of gravi~ in the
most rearwsrd position tested, it was possible to hold the tail of the
airplane off the ground at any atti%ude up to thrust-axis level by use
of the elevator at approximately 80 mph. (This speed was obtatied from
the pilot’s readings of the instruments in the cockpit.) The pilot con-
sidered the airplane satisfactoryunder all conditions during tske-off.

1.
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8 NACA TN 2899

IOngitudinal trimming Contiol.- It was possible to trim the airphne
to zero elevator force by use of the elevator trim tab in a12.conditions
and at all the speeds bebeen, the sta~ and the msximum speed tested.
The requtmment of reference 3 is therefore satisfied.

Trti changes due to flaps and power.- The trim changes due to flaps
and power are shown in table II. The tests were made according to the
specifications of the requirements in reference 3. The elevator force
required to trim the atrplane due to flap deflection or power change was
usuRlly small, O to 5 pounds, and well below the limits set by the require-
ments. The change in rudder force required when the power was changed
was large. (See ref. 2.)

Dive-Recovery-Flap Investigation

The dive-recovery flaps of the F-47D-30 were tested at both center-
of-gravi@ positions at high and low altitude. The tests were conducted
by deflecting the dive flaps when the airplane was trimned to zero con-
trol forces and the controls were free. The results are presented in
figure 32 as ihe variation of the change in normal acceleration with
speed snd Mach nuaiberto illustrate the dive-flap effectiveness.

The &Lve flaps reached maximum effectiveness in high-altitude tests
at approximately 3g at the forward center-of-gravityposition and 3.5g
at the rearward center-of-gravi~ position. At-low altitude, however,
the maximum effectiveness could not be obtained at either center-of-
gravi~ position. Accelerations as high as 4.6g at a Mach number of
0.66 were obtained, but there was no evidence of a change in slope at
this Mach number. !I!hesedata are in fair agreement with those obtained
in the wind-tunnel tests of reference 4.

The dive flaps were considered effective at all speeds and alti-
tudes tested and the dive recovery was considered satisfactory.

STALLING CEMRACTERISTICS 1

The stalling characteristicsof the atrplane were investigated in
the various configurationsby makhg staH approaches, starting a few
miles an hour above the stall and extendfng into the stall region.
These stalllswere performed h two ways: first, by using the controls
to overcome the motions of the airplane brought about by the stall and,
second, by holding all but the elevator contiol fixed and allowing the
atrplane to roll off. Time histories of @ical stalls performed by
both of these methods are shown in figures 33 to 40. The stalling

characteristicsmay be se ized as follows:

(a) Inthepower-on clean condition (figs. 33 and 35) stall warning . I
was afforded by mild buffeting a%out 4 qh above the stall. As the stall



NACA TN 2899 9

was reached, an initial tendency to roll to the right was experienced,
followed by a roll to the left. This rollihg tendency coqld be con-
trolled by normal use of the controls but with a little difficul~.
During the actual stall a strong buffeting occurred. The stall warning
and characteristicsduring the stall were considered satisfactory.

(b) lh the glide condition (figs. 34 and 35) ample warning of the
stall was provided in the form of buffeting about 5 mph above the stall.
At the stall there was a mild roll to the left which could be easily
controlled by norml use of the controls. The stalJing characteristics
in this condition were consideredsatisfactory.

(c) bthe approach condition (fig. 36) the stall was preceded by
mild buffeting about 3 mph above”the stall.. The aileron and rudder
forces required to hold the airplane level were slightly high and irreg-
ular, and maximum rudder deflection was reached before the stall.
Although there was a buffet warning, the stalling characteristicswere
considered u.risatisfactory.In tests in which the airphne was pulled
further into the stall than those shown in the time histories, there was
a rapid roll which could not be controlled by either the ailerons or the
rudder, or both.

(d) lh the landing condition (fig. 37) no buffeting preceded the
stall, but the positive stabili~ in this condition affords ample stall
warning because of increrisedstick forces or rearward movement of the
stick. At the stall the airplane rofied generally to the left but occa-
sionally to the right. The roll could be easily controlled by normal
use of the controls. ‘l!hestalling characteristics in this condition
were considered satisfactory.

(e) Jh the wave-off condition (fig. 38) the airplane was not carried
to the complete stall because of the instability in this condition. Rud-
der control was lost before the stall ad almost complete aileron deflec-
tion had to be used. The nose-high attitude of the airplaue was also
uncomfortable to the pilot. Mild buffeting preceded the stall and there
appeared to be a tendency to qol.1right. The stalXng characteristics
were considered unsatisfactorybecause the airplane was unstable in this
condition.

(f) !l?hestall in accelerated flight inthe power-on clean smd landing
conditions (figs. 39 and 40) was preceded by buffeting. At the stall mild
lateral instabili@ existed which could be easily controlled with the
ailerons. The stalling characteristics for this condition were considered
satisfactory. .

.
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CONCLUSIONS

Flight tests made to determine the longitudinal stabili~ and control
and stalling characteristicsof an I?-47D-30airplane led to the following
conclusions:

1. An abrupt deflection and release of the elevator produced no
oscillation of the elevator, but the atrphe itself diverged longitudi-
nally in the low-speed, power-on clean condition, sometimes violently.

2. The airpbme did not satisfy the Air Force handling-qualities
requirements for stick-free stability at either center-of-gravityposi-
tion for any power-on condition with flaps and landing gear up or down.
The airplane had satisfactory stick-fixed stabili~ in the glide and
approach conditions; the other conditions tested showed the airplane to
have neutral or negative stick-fixed stabili@ for some part of the speed
range at either of the center-of-gravitypositions.

3. At the forward center-of-gravityposition of 26 percent mean
aerodynamic chord, the increment of elevator control force per unit
acceleration was within the limits of the Atr Force requirements except
at 350 mph at low altitude. At the rearward center-of-gravityposition
of approximately 29 percent mean aerodynamic chord and at low altitude,
the force per g was low and force reversal occurred at the low speeds.
At high altitude force reversal occurred at speeds below 250mph and the
force per g above these speeds was dangerously low. Over the speed range
and altitudes tested the force per gwas higher in right turns than in
left turns. !l?hermst forwsrd stick-free maneuver point was at 27.4 per-
cent mean aerodynamic chord.

4. The elevator contiol for landing met the Air Force requirements,
but, because of the longitudinal instabili~ in the power-on approach
condition with the small amunt of power applied, the pilot thought the
I-and* approach was unsatisfactory. On the ground during take-off and

/ landing the airplane had satisfactoryhandling qualities.

5. The power of the elevator iximning tab ,passufficient to trim
the control forces to zero throughout the speed range at both the center-
of-grati~ positions tested.

6. T& elevator-him-force changes due to power and flaps were small
and satisfactory.

-,

I

e

.

\
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,.

.

7. The performance of the dive-recovery flaps was satisfactory
throughout the speed range and altitudes tested.

8. The stalling characteristics of the F-47D-30 airplane were con-
sidered satisfactory except in the approach and wave-off conditions. h ‘
all cases t-e was sufficient stall wsrning several miles per hour ~ove
the stafi in the form of mild buffeting, ticreased stick tortes, or by
rearward movement of the stick.

o

Langley Aeronautical.Laboratory,
National J%IvisoryCommittee for Aeronautics,

~ey Field, Vs., February 18, 1948.
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DIMENSIONS OF TE3 F-47D-30

NACA TN 2899

.
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Figure 12.-Longitudin&l stability characteristics of the F-47D-30 airplane
in the approach condition at an altitude of approximately 5,000 feet.
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Figure13.- Longitudinal stability characteristics of the F-47D-30 airplane
in the landing condition at an altitude of approximately 5,000 feet.
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RLgure 16. - Variation of elevator deflection d ekvator force divided by impact pressure with
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(b) High altitude.

Figure23.- Concluded.
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(a) Low altitude.

Figure 27.. D@ermination of the stick-free maneuver points of
F-47D-30 airplane.
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Figure 37.- Time histories of stall.approaches in the bnding condition.
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Figure39.- Time histo~ of a stall approach in the power-on clean
condition during a low-speed left turn using elevator alone.
Pilot attempted to hold other controb fixed. Center of gratity
at 26.3 percent of the mean aemdynami c chord; gross weight,
12,690 pounds; ~titie, 5,OOO feet.

,!

,

———.——.—_——— .. ... . . . .. —__ —-.— ~-— ._. —._ —.—..—— . .
.



NAC!ATN 2899 75

20 - Ekvo+or

10 -

‘:~
1 I 1 1 I 1 I

/ :

————— _—— ——

0 >

/ 1 1 t I 1 1

0 i 1 I I I

/0 -

2Lu-
=wi=

/60 - ) 1 1 1 r 1
0 2 4.6 8 10 i!!

Time, sec

Figure k3.- Time history of a stall approach in a wind-up left turn in
the landing condition using elevator alone to produce stall. Pilot
attempted to hold ,othercontrols fixed. Center ofgravity at
26.4 percent of the mean aerodynamic chord; gross weight,
12,680 pounds; altitude, 5,0’00feet.

NAcA-L!u@6y -2-27-s2-Iwo

—.— ———. . .


